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Prior  investigations  of  partial  orders  have  found  that 
the  distance  effect  usually  present  in  the  data  for 
artificial  complete  orders  is  absent  for  these 
structures.  The  cause  of  this  absence  is  currently  not 
clear,  although  an  unspecified  aspect  of  the  inherent 
indeterminacy  of  partial  orders  has  been  suggested  as  a 
possible  source  of  processing  difficulty.  These 
experiments  investigated  the  relationship  of  positional 
scanning  processing  models  of  comparative  judgment  to  the 
nature  of  the  distance  effect  in  partial  orders.  Two 
major  factors  were  manipulated,  the  number  of  end-terms  of 
the  partial  order  and  the  amount  of  indeterminacy  present 
in  the  order.  The  first  variable  is  predicted  to  be  of 
importance  by  scanning  models  and  the  second  has  been 
suggested  to  be  of  importance  in  previous  research. 
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The  first  experiment  compared  the  influence  of  the 
number  of  end-terms  and  the  amount  of  indeterminacy  in 
three  separate  partial  orders.  Subjects  participated  in 
two  sessions.  In  the  first  session,  subjects  were 
acquainted  with  the  general  nature  of  partial  orders  and 
given  an  order  structure  to  memorize  for  the  second 
session.  The  second  session  consisted  of  a three-choice 
reaction  time  task  for  presented  pairs  of  order  items. 

Both  a proportion  correct  criterion  and  a maximum  reaction 
time  cutoff  were  used. 

The  results  of  the  first  experiment  supported  the 
importance  of  the  number  of  end-terms  as  an  indicator  of 
processing  difficulties  in  partial  orders.  The  data 
indicated  that  one  of  the  major  sources  of  difficulty  in 
the  processing  of  partial  orders  stems  from  the  disruption 
of  positional  scanning  processes.  As  the  hypothesized 
required  scanning  strategy  became  more  similar  to  that 
present  in  complete  orders,  the  data  effects  also 
approached  those  of  complete  orders. 

The  second  experiment  investigated  the  effects  of  the 
amount  of  indeterminacy  more  closely  by  holding  the  number 
of  end-terms  in  the  experimental  orders  constant.  Findings 
indicated  that  this  variable  is  not  a consistently  good 
indicator  of  disrupted  processing,  although  a minor  effect 
for  the  factor  is  present. 
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These  experiments  indicate  the  presence  of  tv/o  major 
factors  in  artificial  partial  order  processing.  The  first 
is  the  strong  relationship  of  the  disruption  of  scanning 
processes  to  the  data  of  partial  order  experiments. 

Partial  orders  present  further  evidence  of  the  utility  of 
scanning  models  within  artificial  comparative  orders.  The 
second  is  the  presence  of  strong  individual  differences  in 
the  processing  of  artificial  orders,  both  complete  and 
partial . 
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CHAPTER  I 
INTRODUCTION 

Perhaps  the  most  familiar  expression  of  self-criticism 
or  implicit  knowledge  concerning  the  current  direction  of 
cognitive  psychology  and  the  information  processing 
paradigm  is  presented  by  Nev;ell  (1973).  In  his  comments, 
Newell  decries  both  the  failure  to  specify  model  control 
processes  and  the  prol if eration  of  independent 
psycholog i cal  "phenomena"  and  their  concomitant 
exploratory  experiments.  This  article  provided  a 
substantial  impetus  to  the  efforts  of  experimenters  to 
relate  proposed  process/representation  pairs  of  one 
phenomenon  to  those  hypothesized  in  related  areas.  One  of 
the  clearest  instances  of  this  attempted  synthesis  is  seen 
in  the  literature  concerning  comparative  judgment. 

The  comparative  judgment  task  is  delimited  by  the  pre- 
sence of  a transitive  dimension  and  two  or  more  referents 
positioned  on  that  dimension  whose  values  can  be  externally 
validated.  Defined  in  this  manner  the  area  subsumes  both 
perceptual  and  memorial  comparisons.  That  is,  the  process/ 
representation  pairs  required  in  answering  the  questions, 
"which  is  the  longer  line?"  and  "who  is  smarter?"  are  both 
contained  in  this  field.  The  theories  developed  in  this 
area  to  explain  the  major  data  effects  are  particularly 
symptomatic  of  the  effort  engendered  by  Newell's 
criticism.  All  of  the  models  attempt  not  only  to  address 
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the  phenomenon  of  their  origin,  but  to  extend  their 
application  to  the  entire  area  of  comparative  judgment. 

The  rationale  for  these  models  will  become  more 
understandable  follov/ing  a brief  discussion  of  the  sources 
of  the  models'  critical  aspects. 

Origins 

Linguistic  and  Spat  ial  Mod  el.  s 

The  original  sources  of  both  these  model  types  stem 
from  research  investigating  the  three-term  series  problems. 
The  three  term-series  task  can  be  viewed  as  a simple 
artificial  linear  ordering  with  only  three  referents.  As 
such,  the  basic  concepts  of  the  models  developed  for 
processing  in  this  area  can  be  and  have  been  applied  to  the 
more  extensive  dimensional  referent  systems  found  in  other 
areas  of  comparative  judgment.  Spatial  theories  of 
representa t ion  were  first  proposed  by  Huttenlocher 
(Huttenlocher , 1968;  Huttenlocher  & Higgins,  1971,  1972)  in 
response  to  subjective  reports  of  construction  of  imaginary 
spatial  arrays  of  the  series'  terms.  Huttenlocher  proposed 
a model  of  spatial  construction  that  satisfied  both  the 
subjective  and  objective  data  obtained  in  her  experiments. 
An  immediate  alternative  model  was  proposed  and  detailed  in 
a series  of  articles  by  Clark  (Clark,  1969a,  1969b,  1971, 
1972).  Clark's  theory  is  primarily  a linguistic 
processing  model  and  is  based  on  three  principles.  The 
import  of  these  principles  is  that  the  representation  used 
to  solve  a linear  syllogism  must  be  linguistically  rather 
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than  spatially  based.  These  two  opposing  views  of  the 
representation  required  for  comparative  judgment  solution 
continue  to  be  dominant  throughout  the  area's  research. 
Analog  Representations 

One  of  the  most  obvious  and  earliest  explored  situa- 
tions requiring  the  processes  of  comparative  judgment  is 
the  perceptual  comparison  task.  In  this  case,  the  problem 
of  representation  becomes  trivial  and  the  activity  of  the 
comparison  processes  is  partially  revealed.  The  most 
robust  finding  in  this  area  concerns  the  relationship  be- 
tween the  dependent  measure,  usually  reaction  time  (RT) , 
and  the  distance  between  the  compared  stimuli  along  the 
relevant  dimension . As  the  distance  between  the  stimuli 
increases,  performance  on  the  dependent  measure  improves 
(Henmon,  1906;  Johnson,  1939;  Kellogg,  1918).  Moreover, 
this  improvement  does  not  appear  to  be  based  upon  a linear 
scale  of  the  stimulus  values,  but  rather  upon  a loga- 
rithmic scale  (e.g.,  Curtis,  Paulos,  & Rule,  1973;  Moyer  & 
Bayer,  1976;  Welford,  1960). 

In  1967,  Moyer  and  Landauer  expanded  the  possible 
domain  of  a logarithmically  based  analog  repr esenta t i on 
as  the  basis  for  comparative  judgments.  Their  task  in- 
volved the  comparison  of  natural  numbers,  a symbolic 
rather  than  a physical  referent.  The  data  showed  a 
significant  improvement  in  performance  as  the  difference 
between  the  numeric  stimuli  increased.  Furthermore,  this 
trend  has  not  only  been  replicated  numerous  times  (e.g.. 
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Aiken  & Williams,  1968;  Banks,  Fujii,  & Kayra-Stua rt , 1976; 
Fairbank,  1969;  Sekuler,  Rubin,  & Armstrong,  1971),  but 
also  has  been  shown  to  follow  a logarithmic  function  as  do 
the  perceptual  tasks  (Rule,  1969,  197?;  Shepard,  Kilpatric, 
& Cunningham,  1975).  Shepard  et  al.  further  speculated 
that  the  application  of  an  appropr iate  nonl inear 
transformation  to  the  magnitude  continuum  should  allow  the 
prediction  of  RTs  for  digit  comparisons  based  solely  on 
separation  along  the  transformed  base. 

Symbolic  Referents 

Although  the  results  of  the  early  numerical  comparison 
literature  provided  a clear  instance  of  improved  perform- 
ance with  increasing  distance  between  referents  for  sym- 
bolic material,  the  seminal  experiment  in  this  area  was 
reported  by  Potts  (1972).  Potts's  referents  were  not  only 
symbolic  but  were  also  artificial.  He  presented  his 
subjects  with  a paragraph  relating  the  ordinal  position 
along  a given  dimension  of  four  items;  the  order  was 
arbitrarily  defined  by  Potts.  That  is,  the  information 
in  the  paragraph  form.ed  a four-term  artificial  linear 
order.  His  subjects  then  participated  in  a comparative 
judgment  task  involving  the  linear  order  terms.  His 
results  indicated  that  performance  increased  as  the  dis- 
tance between  the  compared  terms  increased.  This  was 
despite  the  fact  that  only  the  relationship  of  terms 
immediately  adjacent  in  the  ordering  had  been  explicitly 
stated  in  the  paragraph. 
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Potts  presented  tv/o  models  as  viable  explanations  of 
his  data.  The  rating-scale  model  involves  the  construction 
of  an  integrated  holistic  array  of  the  terms.  The 
improvement  of  the  dependent  measure  with  increasing 
distance  would  then  be  due  to  the  increased 
discriminabil ity  of  the  referents  in  these  cases.  The 
second  model,  end-term  processing,  is  more  dependent  upon 
the  particular  position  of  the  compared  items  in  the 
order.  The  model  assumes  that  subjects  specially  encode 
the  end-terms  and  respond  immediately  if  one  of  these  terms 
is  in  the  current  comparison.  This  v/ould  account  for  the 
improved  performance  with  distance  in  this  experiment. 
Subsequent  experimentation , hov/ever,  provided  more  support 
for  the  analog-like  rating  scale  model  v/ith  marked  end- 
terms  than  for  the  strict  end-term  processing  model  (e.g., 
Potts,  1974;  Scholz  & Potts,  1974;  Bernstein,  Note  1). 

The  similarity  of  the  Potts  (1972)  results  to  the 
previous  results  of  perceptual  and  numeric  comparison 
tasks,  coupled  with  the  admonitions  of  Newell  (1973) 
encouraged  the  development  of  several  competing  theories  of 
comparative  judgment  (c.f.  Banks,  1977;  Moyer  & Dumais, 
1978).  Additionally,  each  of  these  models  asserted  that 
the  particular  process/representa tion  pair  utilized  by  that 
model  was  universal  to  all  comparative  judgments.  Although 
the  sophistication  of  these  models  has  increased  markedly, 
aspects  of  each  of  the  sources  just  discussed  are  clearly 
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present.  A representative  mociel  from  each  of  the  current 
approaches  will  be  discussed  in  the  theories  section. 

Serial  Posit  ion 

One  final  source  of  current  theories  of  comparative 
judgment  remains  to  be  discussed,  the  t ransd imensional 
theory  of  Bower  (1971).  Although  the  concepts  proposed  in 
this  article  are  the  basis  for  the  most  currently  accepted 
theory  of  processing  within  artificial  linear  orders,  they 
partake  more  of  the  air  of  re-emergence  than  temporal 
development.  Bower  noted  the  similarity  of  results  derived 
from  experiments  in  perceptual  comparison  and  paired- 
associate  learning  tasks.  He  proposed  that  in  both  tasks 
the  stimuli  formed  a transitive  linear  ordering  and, 
further,  that  this  ordering  could  be  induced  upon  learned 
responses  which  would  then  also  serve  as  a linearly  ordered 
set.  The  model  assumes  that  the  transfer  is  mediated  by  a 
conceptual  representation  of  the  relative  position  of  each 
original  stimulus.  That  is,  individuals  innately  possess 
or  acquire  at  a developmentally  early  stage  a cognitive 
structure  or  scaffold  representing  a linear  order.  While 
this  scaffold  originally  applies  to  physical  stimuli,  it 
is  rapidly  extended  to  symbolic  stimuli  as  the  need  arises. 
This  hypothesis  serves  as  the  basis  for  most  of  the 
currently  popular  scanning  models. 

Development  and  Majq^r  Theojries 

The  focus  of  this  section  will  be  narrowed  to  the  data 
and  theories  appropriate  to  artificial,  experimentally 
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defined,  linear  orders.  This  will  not  exclude  any  of  the 
major  theories  of  comparative  judgment,  but  will  provide  an 
opportunity  to  more  closely  examine  each  theory  and  its 
relationship  to  the  major  data  effects  in  this  area.  The 
first  of  these  effects  is  the  familiar  increase  in 
performance  with  distance.  Moyer  and  Bayer  (1976)  origi- 
nally defined  the  symbolic  distance  effect  (SDE)  as  the 
observation  that  "the  time  needed  to  compare  two  symbols 
varies  inversely  with  the  distance  betV'/een  their  referents 
on  the  judged  dimension"  (p.  288).  The  second  important 
data  effect  within  the  artificial  literature  is  the  serial 
position  effect  (SPE).  The  SPE  for  artificial  linear 
orders  takes  the  form  of  an  offset  bow-shaped  curve  with 
the  performance  for  the  initial  end-term  superior  to 
that  for  the  final  end-term.  Both  of  these  effects  are 
found  throughout  the  literature  when  complete  linear 
orders  are  involved. 

Semantic  Coding 

The  most  complete  presentation  of  the  semantic  coding 
model  is  given  by  Banks  (1977) . The  model  consists  of  two 
processing  stages;  the  first  stage  generates  a semantic 
description  of  the  stimuli  and  the  second  compares  the  tv/o 
semantic  codes.  For  example,  if  the  relevant  dimension 
were  height,  a stimulus  might  be  coded  as  taller  (T+)  or 
shorter  (S+)  than  the  criterion  value.  If  the  generated 
codes  are  different,  the  comparison  stage  is  entered;  if 
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not,  then  a finer  analysis  is  made.  Tn  the  second  stage, 
the  stimulus  code  matching  the  question  code  would  be  given 
as  the  solution  to  the  comparison.  Hov/ever,  the  data  base 
assumed  by  this  model  for  artificial  orders  is  similar,  if 
not  identical,  to  that  of  Bov/er  (1971).  Given  such  a data 
base,  neither  of  the  stages  is  necessary  for  the  processing 
of  a comparison.  Furthermore,  the  dependence  of  the  model 
upon  this  data  structure  cannot  be  alleviated  since  the 
structure  is  used  as  the  explanation  for  the  SPE, 

Analoq  Representation 

The  model  presented  by  Moyer  (Moyer  & Bayer,  1976; 

Moyer  & Dumais,  1978)  is  representative  of  the  current 
sophisticated  analog  models.  Moyer's  scan  plus  comparison 
model  proposes  that  a comparison  requires  (a)  scanning  to 
locate  the  stored  analog  values  of  the  referents  on  the 
base  dimension  and  (b)  comparing  the  two  values.  If  the 
difference  of  these  values  exceeds  an  internal  criterion  a 
decision  is  made;  if  not,  then  the  process  continues  itera- 
tively until  the  criterion  is  exceeded.  The  source  of  the 
SDE  is  the  difference  in  the  required  number  of  iterations. 
The  SPE  is  explained  as  a result  of  variations  in  the 
subjective  values  of  the  end-terms.  The  model  does  not 
specify  the  nature  of  the  analog  information;  therefore, 
the  model  can  access  stored  analog  values  in  semantic 
or  episodic  memory. 
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Po s i t i onal  Proces sing 

The  discrepancies  betv/een  positional  processing  and 
other  comparative  judgment  models  are  based  on  more  than 
competing  process/representation  pairs.  The  positional 
processing  models  are  more  restrictive  in  their  domain; 
that  is,  they  are  usually  limited  to  artificial  orders. 
Additionally,  the  SDE  is  considered  to  be  an  artifact  of 
the  SPE  in  these  models.  Woocher  (Woocher,  1977;  Woocher, 
Glass,  & Holyoak,  1978)  provided  his  subjects  with  a 18- 
term  artificial  order  and  found  that  a typical  SPE  v/as 
produced  for  both  a tv;o-al  te  rna  t i ve  forced  choice  compar- 
ison and  an  adjacency  task.  He  proposed  that  the  items  of 
a linear  array  are  represented  in  memory  as  an  internalized 
array  similar  to  that  of  Bower  (1971).  A scanning  process 
operating  in  parallel  from  both  ends  of  the  order  is  used 
to  locate  the  current  stimuli.  The  scanning  process 
accounts  for  the  SPE;  and  a directional  bias  of  the  scan, 
forward  being  easiest,  explains  the  superiority  of  the 
initial  order  items.  Pliske  and  Smith  (1979)  propose  a 
similar  scanning  process  as  part  of  their  model.  They  also 
propose  the  availability  of  discretely  coded  semantic 
information . 

Scanning  models  produce  the  SDE  as  a by-product  of 
their  operation.  As  the  distance  between  any  tv/o  terms 
increases,  the  distance  from  at  least  one  of  the  terms  to 
the  end-points  of  the  order  decreases;  consequently  the 
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scan  process  will  locate  the  items  more  quickly  and  RT  wilL 
decrease.  Since  the  scan  operates  in  parallel  or  in  a 
serial  sv;itching  mode  from  both  end-terms,  the  SDE  will 
occur  as  a scan  operation  product  even  if  the  position  of 
the  "early"  term  is  held  constant. 

Partial  Orders 

Although  the  existence  of  partial  orders  is  not 
confined  to  experimental  situations,  investigations  of  the 
processing  and  representations  required  by  these  structures 
has  centered  on  artificial  orders.  A partial  order  is 
defined  as  one  in  which  the  exact  relationship  between  at 
least  two  of  the  terms  is  neither  stated  nor  deducible  from 
the  provided  information.  Complex  partial  order  structures 
can,  and  have  been,  experimentally  constructed  and  tested 
in  attempts  to  differentiate  comparative  judgment  factors. 

Hayes-Roth  and  Hayes-Roth  (1975)  conducted  the  first 
major  study  of  comparative  processes  in  partial  orders. 

They  employed  a 12-term  partial  order  v;ith  a complex  multi- 
phase training  procedure  on  the  adjacent  relations. 

Although  the  focus  of  their  efforts  was  on  the  effects  of 
experience  on  memorial  networks,  the  data  of  this 
experiment  showed  one  surprising  facet.  The  SDE  v^ras  not 
only  absent,  but  a reversal  of  the  effect  was  present. 
Hayes-Roth  and  Hayes-  Roth  suggested  that  their  data 
indicated  the  presence  of  indeterminate  relations  in  the 
order  structure  could  have  caused  the  subjects  to  revert 
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to  basic  processes  of  transitive  inference  in  this  task, 
thereby  eliminating  the  SDE. 

Moeser  and  Tarrant  (1977)  attempted  to  shov/  that  the 
absence  of  the  SDE  in  the  Hayes-Roth  and  Hayes-Roth 
experiment  was  a procedural  artifact  rather  than  a quality 
of  the  partial  order.  They  hypothesized  that  the  random 
adjacent  training  procedure  used  in  the  prior  study  had 
prevented  the  formation  of  a single  representation  of  the 
order  information.  Moeser  and  Tarrant's  first  experiment 
provided  a contextual  fraraev/ork  for  the  order  information 
to  encourage  the  formation  of  a single  "episodic"  represen- 
tation of  the  order  structure.  A multi-phase  training  pro- 
cedure was  used  to  acquaint  the  subjects  with  the  order. 

The  data  of  this  experiment  indicated  that  distance  had  no 
effect  on  RT;  although  the  reversal  of  the  SDE  was  not 
present,  neither  was  the  SDE.  Additionally,  in  a post-test 
session,  none  of  the  subjects  were  able  to  correctly 
diagram  the  order  structure. 

Given  the  subjects'  inability  to  produce  a correct 
structure  in  their  first  experiment,  Moeser  and  Tarrant 
altered  their  procedure  to  include  a phase  in  v;hich  the 
nature  of  partial  orders  was  explained  to  subjects  and 
practice  on  sample  partial  orders  given.  This  was  follov;ed 
by  an  acquisition  procedure  similar  to  that  of  their  first 
experiment  and  a test  session.  Again,  their  results  failed 
to  show  the  SDE.  Their  data  also  showed  another  unusual 
ciia  r ac  te  r i st  i c . The  serial  position  curve  of  the  major 
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axis  of  the  order  did  not  follow  the  normal  bow-shaped 
curve,  but  shov;ed  a linear  increase  with  position. 

Although,  the  SDE  appeared  to  be  consistently  absent 
from  partial  orders,  several  possible  causes  were  still 
present.  Moyer  and  Dumais  (1978)  discussed  both  the  large 
size  of  the  partial  orders,  and  the  inherent  presence  of 
indeterminate  items  in  partial  order  structures  as  factors 
which  could  reduce  or  prevent  the  SDE.  These  factors,  the 
potential  difficulties  caused  by  over-training  on 
adjacents,  and  the  possibility  of  non-integrated 
representations  were  considered  by  Griggs,  Keen,  & Warner 
(Note  2).  This  study  used  a seven-term  partial  order 
structure  presented  in  paragraph  form.  Paragraph  study  was 
self-paced  and  was  foilov;ed  by  a true/false  verification 
task  in  which  indeterminates  were  considered  to  be  false. 
Four  repetitions  of  the  study/test  procedure  were  presented 
followed  by  a questionnaire  in  which  subjects  v^?ere  required 
to  diagram  the  order  information.  This  procedure,  then, 
controlled  all  of  the  hypothesized  problem  variables  except 
the  inherent  indeterminacy  of  the  order. 

The  diagrams  coupled  with  the  data  indicated  that  only 
three  of  the  15  subjects  had  correctly  derived  and  learned 
the  partial  order  structure.  Furthermore,  the  data  of 
these  subjects  did  not  shov/  an  SDE.  The  rem.ainder  of  the 
subjects  had  collapsed  the  comparisons  into  a more 
complete  or  totally  complete  order  and  processed  the  task 
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accordingly.  Griggs  et  al.  concluded  that  few  individuals 
possess  a pre-established  representation  for  partial 
information.  This  agrees  with  earlier  work  by  DeSoto 
(e.g.,  DevSoto,  1961;  DeSoto  £ Albrecht,  1968). 

Finally,  Warner  (Note  3),  in  two  experiments, 
attempted  to  procedurally  ensure  that  subjects  possessed 
the  correct  representation  of  the  partial  order  structure 
being  tested.  In  her  first  experiment,  she  used  the 
procedure  of  Griggs  et  al.  (Note  2)  plus  explicit 
instructions,  with  examples,  concerning  partial  orders 
given  before  the  study/test  cycle  began.  Nineteen  of  the 
32  subjects  v/ere  judged  to  have  a correct  representation  of 
the  order.  The  data  of  these  19  subjects  do  not,  however, 
demonstrate  the  SDE ; the  RTs  for  adjacent  items  were 
significantly  faster  than  any  of  the  other  comparisons. 
Warner  further  observes  that,  even  for  this  group, 
individual  processing  strategies  are  a dominant  factor; 
only  10  of  the  19  subjects  showed  the  ad j acent-f aste r PT 
pattern . 

Given  the  results  of  the  first  experiment  and  the 
observation  of  Nelson  and  Smith  (1972)  that,  in  a related 
task,  the  presentation  of  a schemata  or  diagram  of  the 
target  memory  structure  improved  subject  performance,  War- 
ner (Note  3)  provided  the  subjects  in  the  second  experiment 
v;ith  a diagram  of  the  order  structure.  That  is,  rather 
than  having  to  deduce  the  structure  from  text  or  from 
training  com.pa  r i sons , the  subjects  were  given  a physical 
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representation  of  the  structure  to  learn.  Subjects  v/ere 
also  given  the  partial  order  familiarization  instructions 
used  in  the  first  experiment  and  participated  in  a short 
training  phase  on  the  adjacent  comparisons.  Finally, 
subjects  were  given  the  four  repetitions  of  the  test 
phase.  Although  all  32  subjects  in  this  experiment  were 
judged  to  possess  a correct  representation  of  the  order, 
again,  no  SDK  was  present.  Also,  Warner  reported 
pronounced  individual  processing  differences. 

It  seems  clear  that  partial  orders  present  both  a 
unique  problem  and  an  opportunity  to  the  comparative 
judgment  area.  The  gist  of  the  empirical  efforts  appears 
to  be  that  an  inherent  quality  of  partial  orders  prevents 
the  SDE  from  occurring.  No  specific  aspects  of  this 
quality  are  postulated  except  for  vague  notions  concerning 
the  presence  of  indeterminate  relations  in  the  order.  Even 
these  thoughts  are  not,  hov/ever,  based  upon  any  theoretical 
concerns  implicated  by  one  of  the  major  comparative  models. 
This  unsatisfactory  situation  is  quite  evidently  the 
problem;  the  opportunity  is  as  readily  apparent.  Any  model 
truly  viable  as  an  explanation  for  the  processing  of 
complete  artificial  orders  should  have  a logical 
explanation  for  the  apparent  disruption  of  the  hypothesized 
process/representation  pair  in  partial  orders,  as  reflected 
by  the  absence  of  the  SDE. 
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Synthes 

The  disappearance  of  the  SDE  in  partial  order 
experiments  tends  to  be  most  inconvenient  for  those  models 
specifying  uniform  process/representat ion  pairs  for  all 
areas  of  comparative  judgment,  e.g.,  semantic  coding  and 
analog  models.  A brief  description  of  some  of  the 
difficulties  for  these  models  will  illustrate  this  point. 

The  semantic  coding  processes  postulated  by  Banks 
(1977)  should  not  be  affected  by  the  presence  of  inde- 
terminate relations  unless  the  data  base  itself  is 
disrupted.  That  is,  there  is  no  reason  to  suppose  that  the 
presence  of  indeterminate  information  would  affect  the 
retrieval  or  comparison  of  the  simple  discrete  semantic 
codes  which  comprise  the  compared  items  in  this  model.  If 
the  more  probable  disruption  of  the  data  base  is 
responsible  for  the  absence  of  the  SDE,  the  disparity 
between  the  processing  of  artificial  and  other  orders  is 
again  illustrated.  The  data  base  for  artificial  orders  is 
positionally  based  and  should  only  be  affected  by  factors 
disturbing  the  mapping  of  the  memory  structure  to  the 
stimulus  information.  That  is,  if  the  structure  is 
available  for  any  comparisons,  it  must  be  available  for 
all;  no  partial  presence  of  this  schematic  unit  is 
proposed.  Therefore,  to  explain  the  ability  to  make  valid 
comparisons  from  partial  order  information,  the  semantic 
coding  model  would  have  to  postulate  yet  a third  data  base 


for  these  orders. 
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Analog  models  are  equally  susceptible  to  similar 
criticisms.  Models  postulating  scale  or  structure  analog 
representations  are  in  the  unfortunate  position  of 
predicting  little  or  no  difference  in  the  data  due  to 
partial  orders.  The  SDE  in  these  models  is  a result  of 
d isc r im inabi 1 i ty  processes  based  on  the  relative  distance 
of  the  referents  v/ithin  the  data  structure.  Since  only 
the  complexity  of  the  structure  is  altered,  not  the 
relative  distances  between  items,  the  SDE  should  remain  for 
determinate  comparisons  in  partial  orders.  Models 
proposing  metaphorical  or  isomorphic  analogs  of  each 
referent  are  also  critically  affected  by  the  partial  order 
data.  Such  models  require  the  estimation  of  a dimensional 
value  for  each  referent  of  the  order;  however,  it  is 
impossible  to  estimate  values  for  all  items  of  a partial 
order.  That  is,  if  it  is  known  that  A>B  and  E>B  and  A and 
E are  not  contained  in  a complete  sub-order,  then  only  A or 
E,  but  not  both,  may  be  given  a dimensional  value  to 
compare  with  the  value  of  B without  inferring  information 
not  provided  in  the  task. 

As  the  scope  of  the  proposed  models  decreases,  the 
ability  of  the  models  to  explain  and  predict  the  effects  of 
partial  orders  substantially  improves.  Positional  scanning 
models  were  first  derived  from  complete  artificial  order 
experiments  and  their  application  is  limited  to  artificial 
orders;  these  models,  therefore,  would  be  more  likely  to 
have  a theoretical  explanation  of  partial  order  effects. 
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This  is,  in  fact,  the  case.  Scanning  models  require  few 
conditions.  The  first  is  that  positional  sequence 
information  is  maintained  and  accessible  in  long-term 
memory;  the  form  of  this  information  is  irrelevant.  The 
second  is  that  sufficient  capacity  exists  in  short-term 
memory  to  store  and  process  the  currently  operative 
comparison  terms. 

Although  these  models  also  provide  for  information 
concerning  category  and  interval  information,  the  crucial 
aspect  of  the  models  is  the  scanning  process.  In  order  to 
produce  the  bov.’-shapad  SPE  and  SDEs  within  each  serial  posi- 
tion for  complete  orders,  the  scan  must  be  at  least  bi- 
directional and  is  often  postulated  to  be  bi-  directionally 
parallel.  The  limiting  factor  of  such  a scan,  v/hether  it 
is  truly  parallel  or  serial  alternating,  is  the  capacity  of 
V7orking,  short-term,  memory.  This  limitation  indicates 
that  only  the  terms  currently  being  processed  and  their 
associated  pointers  to  the  location  of  the  next  sequential 
term  in  long-term  memory  are  available  in  working  memory. 
Since  the  scanning  process  itself  will  also  require 
substantial  processing  capacity,  regardless  of  its  serial 
or  parallel  nature,  the  possibility  of  chunking  or  other 
methods  to  increase  the  amount  of  the  order  present  in 
working  memory  at  any  given  time  seems  remote. 

The  partial  order  data  coincide  especially  well  v/i  th 
the  processes  hypothesized  in  the  postional  scanning 
models.  Scanning  processes  wouid  be  particularly  sensitive 
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to  the  problem  of  multiple  end-terms.  Since  the  initial 
points  of  the  scan  are  the  end-terms,  the  extra  end-terms 
of  a partial  order  v/ouid  require  more  capacity  and  altered 
processing  techniques  in  v;orking  memory.  Even  a parallel 
scan  would  probably  be  affected  by  increasing  the  number  of 
such  simultaneous  processes.  Scanning  models  postulating  a 
data  base  similar  to  that  of  Bower  (1971)  would  face 
additional  mapping  problems.  Besides  the  d i sappea ranee  of 
the  SDE  in  partial  orders,  scanning  models  would  predict  a 
change  in  the  SPE  for  any  sub-order  of  substantial  length. 
The  most  probable  alteration  would  be  a constantly 
increasing  SPE  rather  than  a bow-shaped  curve;  this  is 
exactly  the  change  found  in  Moeser  and  Tarrant  (1977) . The 
foilov/ing  experiments  were  designed  to  demonstrate  the 
effects  of  multiple  end-terras  and  other  aspects  of  partial 
orders  in  relation  to  positional  scanning  models. 
Additionally,  following  a suggestion  by  Smith  (Note  4), 
the  effects  of  varying  the  amount  of  indeterminacy  within 
the  partial  order  were  investigated. 


CfiAPTER  II 
EXPERIMENT  1 

Kirk  Smith  (Note  4)  proposed  that  the  amount  of 
indeterminacy,  e.g.,  the  proportion  of  the  number  of  inde- 
terminate relations  in  an  order  to  the  total  number  of 
pairwise  relations,  could  be  a critical  factor  for  partial 
orders.  Early  work  by  Henley,  Horsfall,  and  DeSoto  (19^59) 
supports  this  possibility.  They  investigated  the 
relationship  of  completely  transitive  and  partially 
transitive  orders.  That  is,  some  of  their  orders  contained 
referent  subsets  vXnich  were  non-transitive.  They  obtained 
a measure  of  the  non-transitivity  of  the  orders  and 
compared  this  with  the  number  of  errors  produced  in  a 
recal 1/recogni tion  task.  Performance  on  their  task  was 
linearly  related  to  the  transitivity  of  the  order.  While 
non-transitivity  and  indeterminacy  are  not  equivalent,  this 
does  indicate  that  manipulating  the  degree  of  indeterminacy 
of  an  order  could  be  informative. 

Interestingly,  the  amount  of  indeterminacy  and  the 
number  of  end-terms  present  in  a partial  order  are 
relatively  independent.  The  four  conditions  in  this 
experiment  and  their  defining  partial  orders  were  chosen  to 
contrast  these  tv/o  factors.  The  first  condition  used  a 
complete  order  and  served  to  check  for  the  effects  of 
procedural  differences  betv/een  this  and  other  artificial 
order  studies.  The  order  in  the  second  condition  v/as  very 
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high  in  indeterminacy  but  possessed  only  three  end-terms. 
The  third  and  fourth  orders  were  equivalent  in 
indeterminacy  but  the  third  condition  order  had  a large 
number  of  end-terms.  If  Smith's  suggestion  is  correct, 
performance  in  the  second  condition  will  be  the  worst  with 
little  or  no  difference  betv/een  the  last  tv/o  conditions. 

If  the  disruption  of  the  scanning  procedure  is  the  critical 
variable,  performance  will  be  better  in  the  second  and 
fourth  conditions  than  the  third.  Better  performance  in 
these  cases  consists  of  lov/er  RTs , SPEs  v;hich  resemble 
those  of  complete  orders,  and  the  possible  presence  of  the 
SDE. 

Two  other,  more  procedural,  alterations  were  present 
in  this  experiment.  First,  all  subjects  attended  an 
artificial-order  orientation  session  at  least  2A  hours 
before  their  testing  session.  During  this  orientation 
session,  they  v/ere  acquainted  with  the  concepts  of  complete 
and  partial  orders.  Also,  since  acquisition  differences 
were  of  much  less  importance  than  the 

representation/process  pair  used  in  the  comparison  task,  a 
diagram  and  the  text  of  the  order  structure  vi/ere  given  to 
each  subject  at  the  conclusion  of  the  session.  This  method 
ensured  that  subjects  recognized  the  partial  nature  of  the 
order  material . 

The  second  deviation  from  the  standard  artificial 
order  method  involved  the  dependent  measure  RT.  None  of 
the  previous  studies  using  partial  orders  and  few  using 


21 


complete  orders  placed  a reasonable  limitation  on  the 
maximum  allowable  RT . This  affects  the  interpretation  of 
the  RT  data  in  several  adverse  ways.  The  implicit 
assumption  of  equivalent  processing  among  subjects  whose 
mean  RTs  may  differ  by  as  much  as  five  seconds  in  a simple 
choice  RT  task  becomes,  at  best,  dubious.  Additionally, 
the  large  variance,  both  between  and  within  subjects  (cf. 
Warner,  Note  3),  makes  reasonable  and  reliable  data 
analysis  and  interpretation  almost  impossible.  Finally, 
the  probability  of  consciously  directed  multiple  response 
and  processing  strategies  in  such  a situation  precludes  a 
meaningful  discussion  of  basic  representations  and/or 
processes.  Due  to  these  factors,  a reaction  time  limit  was 
imposed  for  all  of  the  experimental  conditions. 

Method 

Sub j ec ts 

Eighty-nine  students  at  the  University  of  Florida 
served  as  subjects  in  this  experiment  as  partial  fulfill- 
ment for  course  requirements  in  introductory  psychology. 

Ma  t e£^i  ^i_s 

The  orders  shown  in  Figures  1-4  Vv’ere  used  as  the 
comparison  task  materials.  Using  Smith's  (Note  4) 
suggested  index  of  indeterminacy,  i.e.,  the  number  of 
indeterminate  pairs  divided  by  the  total  number  of 
comparison  pairs,  the  ratings  of  the  structures  are  0, 

.45,  .35,  and  .36  respectively.  Each  of  these  partial  or 

complete  orders  was  given  to  a separate  group  of  the 
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Fred  is  older  than  Dave.  Dave  is  older  than  Paul.  Paul  is 
older  than  Glen.  Glen  is  older  than  Todd.  Todd  is  older 
than  Alan.  Alan  is  older  than  John.  John  is  older  than 
Stan.  Stan  is  older  than  Mike.  Mike  is  older  than  Bill. 
Bill  is  older  than  Ross.  Ross  is  older  than  Carl. 
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TODD 
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BILL 

ROSS 

CARL 


Figure  1.  Information  and  structure  for  Experiment  1, 
Condition  1. 
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Mike  IS  older  than  Ross.  Ross  is  older  than  Alan.  Alan  is 
older  than  Fred.  Fred  is  older  than  John.  John  is  older 
than  Stan.  Stan  is  older  than  Carl.  Mike  is  older  than 
Bill.  Bill  is  older  than  Glen.  Glen  is  older  than  Dave. 
Dave  is  older  than  Paul.  Paul  is  older  than  Todd. 
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Figure  2.  Information 
Condition  2. 
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Figure  3. 
Condition  3. 
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Fred  is  older  than  Dave, 
older  than  Glen.  Glen  is 
than  Alan.  Dave  is  older 
Stan.  Stan  is  older  than 
Bill  is  older  than  Ross. 


Dave  is  older  than  Paul.  Paul  is 
older  than  Todd.  Todd  is  older 
than  John.  John  is  older  than 
Mike.  Paul  is  older  than  Bill. 
Ross  is  older  than  Carl. 
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Figure  4.  Information  and  structure  for  Experiment  1, 
Condition  4. 
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subjects  and  defined  an  experimental  condition.  The  names 
within  the  orders  were  randomly  selected  from  the  Battig 
and  Montague  (1969)  category  norms.  The  material  used  in 
the  training  phase  is  provided  in  Appendix  1.  A brief 
ques t ionna i re  asking  the  subjects  to  describe  any 
strategies  used  in  answering  the  comparisons  was  given  each 
subject  at  the  end  of  the  test  session. 

Appa£a^i^ 

All  random! zat ion , stimulus  presentation,  and  response 
collection  v;ere  under  the  control  of  a PDPll-34  mini- 
computer. All  stimuli  and  instructions  in  the  second 
session  v;ere  presented  on  a Perkin-Slmer  1100  video 
terminal.  The  "F"  key  was  used  as  the  "Left"  key,  the  "J" 
as  the  "Right,"  and  the  space  bar  as  the  "Indeterminate" 
key;  all  of  the  involved  keys  were  relabeled. 

"^r a ining  Phase P r o ced u r e 

Subjects  participated  in  the  training  phase  in  small 
groups  of  four.  They  were  told  that  the  purpose  of  the 
session  v/as  to  acquaint  the  subjects  with  the  kind  of 
information  that  would  be  used  in  the  second  session. 
Subjects  then  read  the  orientation  material  through  the 
first  diagram  and  example.  The  experimenter  then  gave  a 
brief  recapitulation  of  the  characteristics  of  complete 
orders  and  ensured  that  all  of  the  subjects  realized  that 
the  diagram  and  the  textual  example  conveyed  exactly  the 
same  information.  Subjects  then  read  the  second  example. 
This  v;as  followed  by  a description  of  partial  order 
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characteristics  by  the  experimenter.  »Vhen  all  subjects 
indicated  that  they  v/ere  comfortable  v/ith  the  partial 
order,  they  were  asked  to  perform  the  sample  comparison 
task  present  in  the  orientation  material.  Instructions 
were  given  to  choose  the  taller  of  the  names  given  in  the 
two  columns  or  to  respond  with  an  "I"  if  not  enough 
information  was  provided  to  make  a logical  decision.  After 
all  of  the  subjects  had  finished,  the  correct  responses 
were  provided  and  any  discrepancies  explained. 

After  completing  the  examples,  the  subjects  v;ere  given 
a copy  of  the  order  on  which  they  were  to  be  tested  in  the 
second  session.  It  was  stressed  that  this  information 
would  require  memorization  and  that  a time  limit  v/ould  be 
placed  on  their  responses;  therefore,  the  information  would 
have  to  be  extremely  well  learned.  Subjects  were  then 
dismissed  until  the  second  session. 

Test_Phase  Procedure 

Each  subject  was  individually  tested  in  this  phase. 
Subjects  v;ere  initially  given  a three-category  number 
judgment  task  consisting  of  20  trials  to  familiarize  them 
with  the  computer  terminal  and  the  position  of  the 
response  keys.  Brief  instructions  and  a verbal 
description  of  the  trial  by  trial  procedure  preceded  these 
trials.  Following  the  trials,  each  subject  was  required 
to  diagram  the  order  information  provided  in  the  training 
phase  for  memorization.  Any  inability  to  perform  this 
action  disqualified  the  subject. 
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The  test  phase  proper  consisted  of  two  blocked 
presentations  of  ail  132  pairwise  comparisons  of  the  12- 
term  order  with  rest  periods  provided  every  66  trials. 

Each  block  was  preceded  by  the  instruction  set  given  in 
Appendix  2.  The  trial  by  trial  presentation  obeyed  the 
foilov;ing  format.  The  V7ord  "READY"  appeared  at  the  top  of 
the  terminal  screen  and  two  separate  orientation  markers, 
"+"'s,  appeared  centered  on  the  screen.  Each  marker 
indicated  the  position  of  one  of  the  items  to  be  compared. 
After  one  second , the  markers  v;ere  replaced  by  the  items  to 
be  compared  on  that  trial.  The  items  V7ere  separated  by  one 
inch  and  remained  on  the  screen  for  -1.5  seconds  or  until  a 
response  occurred.  At  this  time,  the  entire  screen  v;as 
blanked  until  eight  seconds  had  passed  since  the  onset  of 
the  comparison  items,  i.e.,  a new  trial  began  every  nine 
seconds,  independent  of  response  time. 

All  responses  v/ere  made  by  choosing  one  of  three 
response  keys  of  the  terminal  keyboard  in  a standard  three- 
choice  task,  i.e.,  left,  right,  or  indeterminate.  Tv;o 
special  procedural  items  v/ere  also  present.  Any  subject 
having  a proportion  correct  of  less  than  .86  on  the  first 
repetition  was  given  feedback  and  the  opportunity  to  re- 
study the  appropriate  order  structure  before  beginning  the 
second  presentation  block.  Add itionally , any  comparison 
trial  in  either  block  that  exceeded  the  RT  cutoff  (4.5 
seconds)  v/as  repeated  one  time  at  the  end  of  that  block. 
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This  cutoff  value  reflected  the  constraints  on  the  subjects 
time,  preliminary  pilot  data,  and  the  experimenter's 
subjective  evaluation.  At  the  conclusion  of  the  comparison 
task,  the  subjects  filled  out  the  ques t i onna i re  and  then 
v/ere  debriefed. 

Resul ts 

The  initial  presentation  block  of  the  comparisons  was 
treated  as  a practice  block  and  no  analyses  were  performed 
on  these  data.  A criterion  proportion  correct  (PC)  value 
of  .85  was  used  for  the  second  presentation.  No  subject 
scoring  below  this  value  was  included  in  the  RT  analyses. 
This  resulted  in  20  subjects  each  in  Conditions  1,  2,  and  3 
and  22  in  Condition  4;  all  of  the  eliminated  subjects  v/ere 
from  the  third  condition.  Additionally,  RT  analyses  v/ere 
for  corrects  only.  Each  condition  was  analyzed 
independently  in  two  stages;  initially,  a three-way 
analysis  of  variance  (Subjects  by  Comparison  by  Location) 
was  separately  performed  on  indeterminate  and  determinate 
comparisons.  The  comparison  factor  represented  the  66 
possible  referent  pairs  in  each  condition  and  location 
referred  to  the  side  of  the  screen  on  v/hich  the  target 
referent  appeared.  The  location  factor  for  indeterminate 
analyses  is  clearly  random.  Due  to  the  number  of  data 
points  and  the  consequent  degrees  of  freedom,  the 
significance  level  for  any  analysis  on  the  entire  data  set 
of  a condition  was  set  at  .01. 
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This  was  followed  by  linear  stepv;ise  regressions  using 
four  possible  theo re t i cally  derived  variables.  The  four 
factors  considered  in  these  regressions  were  step  size, 
linear  position,  quadratic  position,  and  end-term  coding. 
Step  size  (SS)  is  defined  as  the  number  of  links  which  must 
be  traversed  on  the  order  representation  to  connect  the  two 
compared  terms;  items  adjacent  in  the  order  would  have  a 
step  size  of  one.  Linear  serial  position  (SPOS)  is  a 
variable  reflecting  the  position  of  the  referent  in  the 
comparison  nearest  to  the  initial  end-term  of  the  order 
structure;  comparisons  including  the  initial  end-term  are 
given  the  value  of  one.  Quadratic  position  (QPOS)  is  a 
variable  whose  value  is  the  lowest  number  of  positions  away 
from  any  end-term;  a comparison  involving  an  end-term, 
then,  has  a QPOS  value  of  one.  End-term  coding  (STM) 
values  are  the  same  as  SPOS  except  any  comparison  involving 
an  end-term  is  coded  as  one. 

Gener^a£ 

An  initial  indication  of  potential  condition 
differences  is  shov/n  by  the  mean  number  of  repeated  trials 
in  the  second  presentation  block.  The  mean  of  the  first 
condition  was  lov/est,  m = o,  followed  by  Condition  2,  M = 
1.1,  Condition  4,  M = 1.25,  and  Condition  3,  M = 2.8.  The 
third  condition  appears  to  require  more  processing  time 
than  the  other  partial  orders.  A three-way  analysis  of 
variance  (Typo  by  Condition  by  Subjects  v;ithin  Condition) 
v;as  performed  on  the  RT  data  for  the  partial  order 
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conditions.  The  type  factor  had  two  levels,  determinate 
comparisons  and  indeterminate  comparisons.  The 
effects  of  type,  F(l,59)  = 131.72,  condition,  F{2,59)  = 
17.05,  and  the  interaction  of  type  and  condition,  F(2,59)  = 
51.75  were  all  significant  (p  < .0001).  The  means  and 
standard  deviations  for  these  conditions  and  the  first 
condition  are  given  in  Table  1. 

^ojid  i t i on 1 

The  three-way  analysis  of  variance  revealed 
significant  effects  for  comparison,  subjects  and  the 
comparison  by  subject  interaction,  F(55,1184)  = 27.08 
F(19,1184)  = 48.67,  and  F(1229,1184)  = 1.57,  respectively. 
The  comparison  factor  accounted  for  29.7  percent  of  the 
variance,  subjects,  14.1  percent,  and  their  interaction, 
32.5  percent.  Given  the  subject  by  pair  interaction,  the 
four-variable  stepwise  analyses  were  run  on  each  subject. 
The  best  predictor  variable  and  the  proportion  of  variance 
accounted  for  by  that  variable  are  shov/n  in  Table  2. 
Although  OPOS  is  most  often  the  best  predictor,  the  margin 
is  not  impressive.  However,  if  the  best  two  variable 
models  are  considered,  QPOS  and  SPOS  models  are  present  for 
16  of  the  20  subjects  and  account  for  38  percent  of  the 
variance.  Furthermore,  QPOS  is  present  in  three  of  the 
remaining  four  subjects'  models.  The  influence  of  the 
position  variables  for  these  20  subjects  is  shown  by  Figure 
5,  v^hich  plots  the  serial  position  curves  for  SS  values  of 


five  or  less. 
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Table  1 

Mean  Reaction  Times  and  Standard  Deviations 
for  Type  and  Condition  for  Experiment  1 


Condition 

1 

2 


Type 

Determinate  Indeterminate 


M 

SD 

M 

SD 

1.472 

. 409 





1.719 

. 410 

1. 920 

. 515 

2.358 

. 501 

2.58  0 

. 556 

1.717 

. 464 

2.435 

. 531 
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Ta 


Best  One-  and  Tv/o- 
Individual  Subjects  in 


Sub j ect 

Variable  1 R-S' 

1 

ETM 

2 

QPOS 

3 

SPOS 

4 

SPOS 

5 

QPOS 

6 

SPOS 

7 

QPOS 

8 

SPOS 

9 

ETM 

10 

SS 

11 

S5 

12 

SPOS 

13 

QPOS 

14 

QPOS 

15 

QPOS 

15 

QPOS 

17 

QPOS 

18 

SPOS 

19 

SS 

20 

SS 

*0r ig i nal 

one-variable  model 

added . 


2 


lie  Models  for 
iment  1,  Cond 

ition  1 

Variable  2 R 

-Square 

SPOS 

.53 

SPOS 

. 34 

QPOS 

.36 

QPOS 

.33 

SPOS 

.38 

QPOS 

.24 

SPOS 

.40 

— 

— 

QPOS 

.44 

QPOS 

. 24 

QPOS  SPOS* 

. 25 

QPOS 

. 39 

SPOS 

.44 

— 

— 

SPOS 

. 39 

SPOS 

.44 

SPOS 

. 52 

QPOS 

. 34 

SPOS  QPOS* 

.25 

QPOS 

.25 

aced  when  second  variable 


bie 

Va  r i ( 

Exp' 

ua  re 

44 

28 

25 

21 

33 

20 

30 

38 

41 

18 

19 

30 

37 

28 

28 

35 

34 

25 

19 

23 

repl 
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^on_d  i t ion 2 

An  initial  comparison  between  the  RT  means  of  the 
determinate  and  indeterminate  items  revealed  that  the 
determinate  comparisons  were  significantly  faster  than  the 
indeterminate  pairs,  t(2554)  = 7.01,  p < .0001,  as  shovm  in 
Table  1.  The  analysis  of  variance  for  the  determinate 
pairs  showed  that  the  effects  of  location,  F(l,009)  = 

18.53,  comparison,  F(35,509)  = 55.37,  subjects,  Fri9,609)  = 
53.59,  and  the  interaction  between  subjects  and  comparison, 
F(660,609)  = 1.87,  and  between  comparison  and  location, 
F(35,509)  = 1.75,  were  all  significant.  The  effect  of 
location,  v^hich  accounted  for  only  .3  percent  of  the 
variance,  simply  reflected  the  faster  processing  of  the 
comparison,  in  general,  if  the  term  on  the  left  of  the 
screen  was  the  correct  choice.  This  difference  was  present 
in  all  conditions  but  v/as  not  always  significant;  the 
respective  means  for  this  condition  were  M(Left)  = 1.672 
and  M(Right)  = 1.767.  The  interaction  of  this  variable 
with  comparison  revealed  no  consistent  pattern  and 
accounted  for  only  one  percent  of  the  variance. 

Comparison,  subjects  and  their  interaction  accounted  for 
40,  20.6,  and  24.9  percent  of  the  variance,  respectively. 

The  analysis  of  the  indeterminate  data  showed  only  a 
significant  effect  of  the  subjects  v^ariable,  F(19,538)  = 
38.74,  which  accounted  for  35.1  percent  of  the  variance. 

The  linear  stepwise  regression  for  the  data  of  the 
determinate  comparisons  revealed  that  the  best  single 
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Figure  6.  Linear  serial  position  curves  for 
Experiment  1 Condition  2. 
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Table  3 


Best 

One  and 

Two 

Variable  Models  for 

Ind i V id  ual 

Sub j ects 

in 

Experiment 

1,  Condition 

2 

ubj  ect 

Variable 

1 

R-Squa  re 

Va  r i able 

2 

R-Squa  re 

1 

SPOS 

. 351 

QPOS 

. 495 

2 

SPOS 

. 275 

QPOS 

. 390 

3 

OPOS 

. 204 

SPOS 

. 307 

4 

SPOS 

. 451 

— 

— 

5 

SPOS 

. 338 

QPOS 

. 421 

6 

SPOS 

. 367 

QPOS 

. 424 

7 

SPOS 

. 263 

— 

— 

8 

SPOS 

. 310 

QPOS 

. 408 

9 

SPOS 

. 348 

ETM 

.411 

10 

ETM 

.444 

SPOS 

. 531 

11 

SPOS 

.350 

— 

— 

12 

SPOS 

. 54  0 

— 

— 

13 

SPOS 

. 326 

QPOS 

. 396 

14 

SPOS 

. 377 

QPOS 

.493 

15 

SPOS 

. 319 

QPOS 

. 395 

15 

SPOS 

.400 

— 

— 

17 

SPOS 

. 348 

QPOS 

.447 

18 

QPOS 

. 183 

SPOS 

. 252 

19 

ETM 

. 307 

SS 

. 390 

20 

SPOS 

. 323 

QPOS 

. 487 
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variable  model  was  that  of  SPOS,  which  accounted  for  25  per- 
cent of  the  variance;  the  addition  of  QPOS  increased  the 
percentage  of  accounted  variance  to  31.  The  regression 
performed  on  the  indeterminate  data  showed  no  significant 
effects;  furthermore  no  variable  or  combination  of  vari- 
ables accounted  for  more,  than  .5  percent  of  the  variance. 

The  determinate  RT  means  for  pairs  involving  specific 
end-terms  also  indicate  the  importance  of  the  SPOS  variable 
in  this  condition.  The  mean  value  for  the  "iMike"  end-term 
was  1.04;  the  value  for  "Carl"  Vv’as  1.97;  the  value  for 
"Todd"  was  2.02;  and  the  mean  RT  value  for  determinate 
comparisons  involving  no  end-terms  was  2.06  (^D  = .425,  SD 
=.707,  = .615,  = .709  respectively).  Figure  6 

illustrates  the  serial  position  effects  for  ail  subjects 
for  SS  values  of  four  or  less.  The  consistency  of  the 
variable  SPOS  can  be  seen  in  the  results  of  the  stepv/ise 
regressions  on  each  subject's  data  shown  in  Table  3. 

Cond ition  3 

The  determinate  comparisons  again  shov/ed  better 
performance  than  the  indeterminates , t(2423)  = 7.03,  as 
shown  by  the  means  in  Table  1.  The  analysis  of  variance 
for  the  determinate  pairs  shov/ed  significant  effects  for 
location,  F(l,692)  = 35.14,  comparison,  F(41,692)  = 10.10, 
subjects,  F(19,692),  the  subject  by  comparison  interaction, 
F(771,692)  = 1.80,  and  the  subject  by  location  interaction, 
F(19,692)  = 2.13.  The  proportion  of  variance  accounted 
for  by  each  of  the  effects  v/as  respectively  . 009,  . 115, 
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. 266,  . 389,  and  .011;  the  major  effects,  again,  shov;  strong 

differential  subject  processing  influences.  The  analyses 
of  the  indeterminate  pairs  revealed  significant  effects  for 
comparison,  F(23,339)  = 6.59,  subjects,  F(19,339)  = 12.45, 
and  the  interaction  of  comparison  and  subjects,  F(415,339) 

= 1.35;  these  effects  accounted  for  1 1. . 4 , 17.8,  and  42.2 
percent  of  the  total  variance. 

The  relatively  complex  structure  of  this  order 
dictated  that  the  identity  of  the  functional  end-terms  be 
established  before  any  possible  stepwise  regressions  were 
run.  The  determinate  RT  means  and  standard  deviations  for 
the  end-terms  across  subjects  are  provided  in  Table  4. 

The  end-term  "Fred"  appears  to  be  functioning  as  such; 
however,  none  of  the  remaining  structural  end-terms  seems 
to  be  consistently  operating.  The  strong  subject  effect 
for  these  items  prompted  a further  analysis  of  the  end- 
terras.  The  end-term  means  for  individual  subjects  were 
determined  and  are  presented  in  Appendix  C. 

These  means  amply  illustrate  the  strong  individual 
differences  present  in  the  processing  of  this  structure. 
Based  on  these  means,  only  "Fred"  and  possibly  "Todd" 
function  as  end-terms  for  even  half  of  the  subjects.  A 
linear  stepwise  regression  v/as  run  using  these  two  terms  as 
the  basis  of  SPOS,  QPOS,  and  ETM  rather  than  those 
implicated  by  the  structure.  While  the  results  on 
determinates  showed  significant  effects  for  the  single 
variable  model  based  on  QPOS  and  the  two-variable  model 
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Table  4 

Mean  Reaction  Times  for  the  Structural 
End-terms  of  Experiment  1,  Condition  3 


End- te  rm 

M 

SD 

None 

2.377 

.707 

Fred 

1. 954 

. 690 

Stan 

2.42  3 

. 752 

Alan 

2.661 

.743 

Bill 

2.494 

.763 

John 

2.534 

.790 

Mike 

2.88  4 

. 774 

Carl 

2.451 

.702 

Todd 

2.  185 

.703 

Multiple* 

2.299 

.733 

*Multiple  refers  to  pairs  consisting  of  tv/o  end-terms. 
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adding  SS,  the  proportion  of  variance  acounted  for  was  only 
.04  for  the  two-variable  model.  The  significance  was  m.ore 
a result  of  the  high  degrees  of  freedom  than  of  a 
predictive  model.  A similar  situation  existed  for  the 
indeterminate  analysis  in  v/hich  the  SS  model,  although 
significant,  acounted  for  only  one  percent  of  the 
variance.  A possible  trend  was  present  for  the  complete 
suborder  "Fred"  to  "Todd".  A stepwise  analysis  for  these 
determinate  items  shov/ed  that  the  tv/o-variable  model  QPOS 
and  SPOS  accounted  for  8.5  percent  of  the  variance  in  the 
data.  This  indicates  that  the  suborder  could  be  the  base 
of  a scanning  operation  for  some  of  the  subjects.  Given 
the  strong  subject  differences  present  in  this  condition, 
the  results  of  these  regressions  are,  hov?ever,  more 
indicative  than  conclusive. 

Condition  4 

The  results  of  the  comparison  of  the  determinate  and 
indeterminate  means  paralleled  those  of  the  other 
conditions.  The  mean  of  the  determinate  pairs  was 
significantly  faster  than  the  value  for  the  indeterminate 
pairs,  t(2318)  = 24.96,  p < .0001.  The  analysis  of 
variance  for  the  determinate  comparisons  showed  significant 
effects  for  location,  F(l,774)  = 28.43,  comparison, 
F(41,774)  = 48.12,  subjects,  F(21,774)  = 38.57,  and  the 
subject  by  comparison  interaction,  F(849,774)  = 1.58. 
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These  effects  accounted  for  .5,  39.4,  16.2,  and  26.8 
percent  of  the  total  variance.  Location  reflected  the  RT 
advantage  for  the  left  side  of  the  screen,  M(Left)  = 1.658 
and  M(Right)  = 1.777. 

The  analysis  of  variance  for  the  indeterminate  items  shov/ed 
significant  effects  for  comparison,  F(23,441)  = 2.96, 
subjects,  F(21,441)  = 22.76,  and  the  subject  by  com.parison 
interaction,  F(473,441)  = 1.39.  These  effects  accounted  for 
4,  28.2,  and  38.9  percent  of  the  total  variance. 

Initial  stepwise  linear  regressions  were  performed 
across  subjects  for  both  determinate  and  indeterminate 
pairs.  The  results  for  determinates  showed  that  the  best 
single  variable  model  was  SPOS  which  accounted  for  36  per- 
cent of  the  variance.  No  additional  variable  s igni f i can tly 
added  to  the  predictability  of  SPOS.  The  indeterminate 
data  indicated  that  the  variable  SS  was  significant  but  it 
accounted  for  only  1.5  percent  of  the  variance.  No 
additional  factor  approached  significance  in  these  data. 
Determinate  end-term  means  agreed  v\?ith  this  analysis;  only 
the  mean  for  "Fred,"  N ==  1.14,  =:  .480,  was  faster  than 

the  mean  of  no-end-term  comparisons,  M = 1.83,  = .735. 

The  serial  position  data  for  SS  values  of  four  or  less  are 
shown  in  Figure  7.  The  source  of  the  subject  by  comparison 
interaction  is  partly  revealed  by  individual  end-term  means 
and  stepwise  regressions. 
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Figure  7.  Linear  serial  position  curves  for 
Experiment  1 Condition  4 . 
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Table  5 


One-  and  Two-Variabie  Models  for  Individual 
Subjects  in  Experiment  1,  Condition  4 


Variable  1 

R-Squa  re 

V arable  2 

R-Squa  re 

SPOS 

. 699 





SPOS 

.443 

— 

— 

SPOS 

.4^4 

QPOS 

.494 

SPOS 

. 568 

— 

— 

SPOS 

. 550 

— 

— 

SPOS 

.^82 

— 

— 

SPOS 

. 521 

— 

— 

SPOS 

. 311 

— 

— 

SPOS 

. 491 

-- 

— 

SPOS 

. 507 

QPOS 

.617 

SPOS 

. 623 

— 

— 

SPOS 

. 509 

— 

— 

SPOS 

.339 

— 

— 

SPOS 

. 295 

ETM 

. 386 

SPOS 

.438 

— 

— 

SPOS 

. 286 

— 

— 

SPOS 

. 402 

-- 

— 

SPOS 

. 570 

ETM 

.696 

SPOS 

. 409 

— 

— 

SPOS 

. 536 

QPOS 

.559 

QPOS 

. 06  2 

SS 

. 151 

SPOS 

. 599 

QPOS 

.636 
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The  end-term  means  for  this  condition  for  each  subject 
are  provided  in  Appendix  D.  These  means  indicate  that, 
Vv?hile  the  end-term  "Fred"  is  probably  valid  for  all 
subjects,  only  eight  of  the  22  subjects  shov/  indications  of 
using  additional  terms  as  functional  end-terms.  The 
results  of  the  stepwise  regression  also  show  that  six 
subjects  showed  significant  effects  (p  < .05)  for  variables 
other  than  SPOS  and  tv;o  others  approached  significance  (p  < 
.10).  The  stepwise  results  for  the  determinate  comparisons 
are  provided  in  Table  5 and  additionally  shov;  that  subject 
21  illustrated  especially  unique  processing  activity. 

Discussion 

The  similarity  of  the  results  of  the  first  condition 
to  those  of  other  large  artificial  orders  adequately 
demonstrates  that  the  methodological  differences 
incorporated  in  this  experiment  did  not  interfere  with  the 
normal  processing  of  complete  orders.  The  results  for  that 
condition  shov;ed  the  importance  of  positional  variables  in 
the  processing  of  orders  and  were  similar  in  form  to  those 
of  Pliske  and  Smith  (1979)  and  Woocher  et  al.  (1978).  The 
relatively  lov;  RTs  and  small  variance  in  this  condition  do, 
however,  indicate  an  advantage  to  the  procedural  changes 
present.  A critical  comparison  of  the  results  of  the 
remaining  three  conditions  indicates  that  the  amount  of 
indeterminacy  is  not  a predictive  variable  in  these 
particular  orders.  The  results  of  the  second  condition, 
which  had  the  highest  indeterminacy  vaiue  (.45),  shov;ed 
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more  similar  processing  to  the  complete  order  than  either 
of  the  other  two  conditions. 

Although  the  regression  analysis  for  Condition  2 
indicated  that  scans  tended  to  be  un i -d i rect ional , Figure  6 
indicates  that  a b i -d i r ect i onal  scan  could  be  operative  but 
that  the  priority  or  speed  of  processing  in  the  forward 
direction  is  much  greater  than  that  of  the  opposite 
direction.  Since  this  order  structure  presents  only  one 
additional  end-term,  positional  scanning  models  would 
predict  a minimal  disturbance  of  processing  in  this 
condition.  The  data  in  Table  3 illustrate  that,  for  some 
subjects  it  was  still  possible  to  employ  normal  scanning 
procedures  in  this  condition. 

The  data  of  Conditions  3 and  4 further  illustrate  the 
non-applicability  of  the  indeterminacy  rating  to  partial 
order  processing.  These  orders  were  designed  to  be 
equivalent  in  indeterminacy;  both  have  ratings  of  .36.  The 
processing  difficulties  engendered  by  these  orders, 
however,  are  very  different.  Condition  3 proved  to  be 
extremely  difficult  by  any  measure  of  comparabil ity . Seven 
subjects  were  unable  to  reach  the  PC  criterion  of  .85; 
additionally,  for  those  that  reached  criterion  an  average 
of  2.8  comparisons  were  repeated  on  the  second  test 
presentation.  No  other  condition  exceeded  1.25  repeated 
items.  The  RT  data  are  equally  clear;  not  only  is  the  mean 
RT  for  determinates  in  this  condition  significantly  slov/er 
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than  that  of  the  fourth  condition,  but  it  is  also  slower 
than  the  mean  for  the  second  condition. 

While  the  predictor  variables  present  in  the  stepwise 
analyses  aided  in  the  id en t i f i ca ti on  of  the  probable 
processes  and  representations  present  in  this  experiment, 
the  lack  of  applicability  of  these  factors  to  the 
indeterminate  comparisons  must  be  considered.  The 
hypothesized  process/ representation  pair  of  any  model  must 
be,  at  least  initially,  uniformly  applied  to  all 
comparisons.  Given  the  relatively  high  RTs  of  the 
indeterminate  pairs,  one  possibility  is  strongly 
suggested.  Indeterminate  responses  could  be  given  as  a 
result  of  negative  results  in  the  scanning  procedure.  If 
the  second  term  is  not  encountered  on  the  continuous  path 
of  pointers  proceeding  from  the  initially  located  term,  a 
negative  scan  result  could  be  coded.  This  could  result  in 
a second  scan  depending  upon  the  confidence  criterion  of 
the  subject  and/or  the  complexity  of  the  scanning  process 
for  that  order.  High  and  relatively  uniform  RTs  would, 
consequently,  be  produced;  this  is  certainly  the  case  in 
the  third  and  fourth  conditions.  The  means  and  standard 
deviations  of  the  determinate  and  indeterminate  items  for 
each  subject  for  Conditions  2,  3,  and  4 are  presented  in 

Appendix  E.  In  Conditions  2 and  4,  a significant 
majority  have  a lower  standard  deviation  and  a higher  mean 
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for  the  indeterminate  comparisons  than  for  the  determinate 
comparisons.  This  pattern  is  broken  only  in  the  third 
condition,  in  v/hich  previously  discussed  aspects  of  the 
data  also  indicate  the  disruption  of  normal  scanning 
operations.  Further,  although  the  comparison  factor  was 
significant  in  two  of  these  conditions,  it  did  not  account 
for  a major  portion  of  the  variance. 

The  lower  RTs  for  indeterminates  in  the  second 
condition  could  reflect  either  the  possibility  of  some 
order  identification  information  being  present  in  the 
representation  (i.e.,  left  versus  right)  or  the  simpler 
structure  of  the  partial  order.  Both  of  these 
possibilities  v/ould  lead  to  the  insignificant  effect  of 
comparison  in  this  condition.  The  relative  ineffectiveness 
of  the  amount  of  indeterminacy  as  a predictor  of  processing 
disturbance  in  this  experiment  does  not  indicate  that  the 
variable  v/ould  not  be  predictive  in  some  circumstances.  If 
the  number  of  end-terms  were  held  constant,  then  this 
measure  could  reflect  the  amount  of  working  memory  capacity 
demanded  by  the  scanning  processes.  Since  orders  v/ith 
identical  numbers  of  end-terms  could  only  differ  in 
indeterminacy  by  internal  complexity,  i.e.,  types  of 
subdivisions,  this  rating  v/ould  reflect  the  number  and  size 
of  deviations ’^in  the  normal  scanning  procedure.  Deviations 
in  normal  scanning  would  require  the  presence  of  multiple 
pointers  in  v/orking  memory,  thereby  reducing  the  efficiency 
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of  the  scanning  process . This  possibility  is  considered  in 
the  following  experiment. 


CHAPTER  III 
EXPERIMENT  2 

The  first  experiment  firmly  established  the  priority 
of  multiple  end-terms  as  an  indicator  of  the  disruption  of 
normal  processing  in  artificial  partial  orders.  Other 
variables,  to  the  extent  that  they  reflect  similar 
disturbances  in  the  scanning  processes  could  also  be  valid 
indicators  for  partial  order  processing.  This  experiment 
v/as  designed  to  explore  the  possibility  of  the  amount  of 
indeterminacy  as  such  an  index. 

Method 

Sub j ects 

Twenty-nine  students  at  the  University  of  Florida 
served  as  subjects  in  this  experiment  as  partial  fulfill- 
ment for  course  requirements  in  introductory  psychology. 
None  of  these  subjects  had  participated  in  the  first 
experiment . 

Materials 

The  orders  shovm  in  Figures  8 and  9 were  used  as  the 
comparison  task  materials.  The  order  in  Figure  8 was  given 
to  the  15  subjects  in  Condition  1 and  the  remaining  14 
received  the  other  order.  The  proportions  of  indeterminacy 
in  these  orders  were  .14  and  .24.  All  other  materials  v^?ere 
the  same  as  in  Experiment  1. 
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Ross  is  older  than  Dill.  Bill  is  older  than  Paul.  Paul  is 
older  than  Glen.  Glen  is  older  than  Alan.  Alan  is  older 
than  Carl.  Carl  is  older  than  Fred.  Fred  is  older  than 
Dave.^  Dave  is  older  than  Mike.  Paul  is  older  than  Todd, 
iodd  is  older  than  John.  John  is  older  than  Stan.  Stan  is 
older  than  Fred. 


ROSS 


'i' 

BILL 


i' 

PAUL 


CARL 


TODD 


JOHN 


STAN 


FRED 


4^ 

DAVE 


i' 

MIKE 


Figure  8.  Information  and  structure  for  Experiment  2, 
Condition  1. 
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Ross  is  older  than  Bill.  Bill  is  older  than  Fred.  Fred  is 
older  than  Carl.  Carl  is  older  than  Todd.  Todd  is  older 
than  Glen.  Glen  is  older  than  John.  John  is  older  than 
Mike.  Bill  is  older  than  Paul.  Paul  is  older  than  Dave. 
Dave  is  older  than  Stan.  Stan  is  older  than  Alan.  Alan  is 
older  than  John. 


FRED 


ROSS 


PAUL 
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CARL 


V 

DAVE 
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TODD 


V 

STAN 


v 

GLEN 


JOHN 


V 

ALAN 


V 

MIKE 


Figure  9.  Information  and  structure  for  Experiment  2, 
Condition  2. 
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Apparatus 

The  apparatus  was  the  same  as  in  the  first  experiment. 
Tra inking  and  Test  Phase _ ProcedU£^ 

The  procedure  in  each  phase  was  identical  to  the  first 
experiment . 

Results 

The  general  constraints  detailed  in  the  first 
experiment  concerning  the  data  and  analyses  v/ere  also 
applied  in  this  experiment.  None  of  the  subjects  in  this 
experiment  failed  to  meet  the  PC  criterion. 

Gene  ral 

The  number  of  repeated  pairs  in  the  test  phase  was  lov/ 
in  both  of  the  conditions;  only  a mean  of  .9  pairs  in  the 
first  condition  and  one  of  .75  in  the  second.  A three-way 
analysis  of  variance  (Type  by  Condition  by  Subjects  within 
Condition)  was  run  for  this  experim.ent  also.  The  results 
indicated  a significant  effect  for  type,  F(l,27)  = 124.27, 
and  for  the  interaction  of  condition  and  type,  F(l,27)  = 
6.48.  The  mean  RT  values,  given  in  Table  6,  shov;  that  the 
interaction  is  based  largely  on  the  relatively  quick  RT 
mean  for  the  indete rm ina tes  of  the  second  condition. 
Condition_l 

An  initial  t-test  betv/een  the  RT  means  for  determinate 
and  indeterminate  comparisons  showed  determinate  pairs  to 
be  significantly  faster  than  i nd etem  i nates , t(1916)  = 17.3, 
p < .0001.  The  three-way  analysis  of  variance  on  the 
determinate  pairs  shov/ed  significance  for  comparisons. 


Table 
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Mean  Reaction  Times  and  Standard  Deviations 
for  Type  and  Condition  for  Experiment  2 

Type 

Determinate  Indeterminate 


Cond i t ion 

M 

SD 

M 

SD 

1 

1 . 697 

. 462 

2. 557 

. 529 

2 

1 . 766 

. 473 

2.  260 

. 501 
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F(56,748)  = 25.84,  subjects,  F(14,748)  = 38.82,  and  the 
interaction  of  these  factors,  F(780,'743)  = 1.88.  The 
proportions  of  the  total  variance  accounted  for  by  these 
factors  were  .337,  .127  and  .343.  The  analysis  for  the 

i ndete  rminates  sho'wed  significant  effects  for  comparison, 
F(8,96)  = 2.84,  and  subjects,  F(14,9f)  = 7.06;  the  factors 
accounted  for  6.0  and  26.2  percent  of  the  variance. 

The  linear  stepv/ise  regression  for  the  determinate 
pairs  across  subjects  indicated  that  the  best  single 
variable  model  was  ETM,  which  accounted  for  23  percent  of 
the  variance;  however,  the  best  two  variable  model 
consisted  of  QPOS  and  SPOS  and  accounted  for  28  percent  of 
the  variance.  The  general  importance  of  these  two 
variables  can  be  seen  in  Figure  10.  The  analysis  for 
indeterminates  shov?ed  no  significant  effects. 

The  individual  stepwise  regression  results  provided  in 
Table  7 are  more  informative,  hov/ever,  given  the  strong 
interaction  of  comparison  and  subjects.  A brief  survey  of 
the  best  one-variable  models  illustrates  the  diversity  of 
the  individual  subject's  processing  strategies.  The 
overall  stepwise  regression  for  the  indeterminate  pairs 
failed  to  reveal  any  signi f icant  variables. 

The  initial  analysis  between  types  of  comparison 
showed  significantly  faster  RTs  for  determinate  questions, 
t(876)  - 12.8,  p < .0001;  the  means  are  shown  in  Table  6. 
The  analysis  of  variance  for  the  determinate  data  showed 
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Table  7 


Best 

One-  and  Tv/o- 
Subjects  in 

-Va riable  Models  for  Individual 
Experiment  2,  Condition  1 

Sub j ect 

Variable  1 

R-Squa  re 

Variable  2 R- 

-Squa  re 

1 

QPOS 

. 55 





2 

SPOS 

.55 

— 

— 

3 

ETM 

. 23 

QPOS 

. 27 

A 

SPOS 

.43 

— 

— 

5 

QPOS 

. 32 

— 

— 

6 

QPOS 

.29 

-- 

— 

7 

ETM 

. 40 

SPOS 

. 49 

8 

QPOS 

. 19 

— 

— 

9 

ETM 

. 28 

SPOS 

. 31 

10 

SPOS 

.50 

— 

— 

11 

SPOS 

. 32 

— 

— 

12 

ETM 

.45 

QPOS  SPOS* 

. 54 

13 

ETM 

. 29 

QPOS  SPOS* 

. 34 

14 

QPOS 

. 42 

— 

— 

15 

ETM 

. 26 

SPOS 

. 28 

*Original  one-variable  model  replaced  v/hen  second  variable 
added . 
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significant  effects  of  location,  F(l,596)  = 7.88, 
comparison,  F(49,59o)  = 27.49,  subjects,  F(13,596)  = 52.95, 
and  tiie  interaction  of  subjects  and  comparison,  F(634,596) 

= 1.84.  The  respective  proportions  of  variance  were 
.002,  .346,  .177,  and  .30.  Location  reflected  the  usual 

left  side  superiority.  The  analysis  of  the  indeterminate 
pairs  shov/ed  only  an  effect  for  subjects,  F(13,183)  = 

22.72,  which  accounted  for  38.6  percent  of  the  data. 

The  stepwise  regression  for  the  determinate  pairs 
yielded  SPOS  as  the  best  single  variable  model,  accounting 
for  23  percent  of  the  variance.  Figure  11  graphically 
demonstrates  the  linear  shape  of  these  data.  The  best  tv;o 
variable  model  added  QPOS  and  accounted  for  30  percent  of 
the  variance.  No  variable  proved  to  be  significant  in  the 
analysis  of  the  i ndete rm i na tes  . The  individual  stepvi/ise 
analyses  for  the  determinate  condition  showed  that, 
although  most  subjects  appeared  to  be  using  a uni- 
directional scan,  strong  individual  processing  differences 
were  present.  The  results  of  this  analysis  are  presented 
in  Table  8 . 

Di  scussion 

The  data,  unfortunately,  do  not  present  as  clear  a 
picture  of  the  utility  of  indeterminacy  ratings  as  might  be 
desired.  The  strongest  features  of  the  data  are  the  marked 
individual  processing  differences  indicated  by  the  stepwise 
regressions.  Another  aspect  of  these  regressions  should  be 
pointed  out.  All  instances,  in  both  conditions,  in  v;hich 
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Figure  11-  Linear  serial  position  curves  for 
Experiment  2 Condition  2. 
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Table  8 


One-  and  Two-Variable  Models  for  Individual 
Subjects  in  Experiment  2,  Condition  2 


Variable  1 

R-Squa  re 

Variable  2 

R-Squa  re 

QPOS 

.32 



_ 

QPOS 

. 22 

— 

— 

QPOS 

. 38 

— 

— 

QPOS 

. 36 

— 

— 

SPOS 

. 3 3 

— 

— 

SPOS 

. 33 

— 

— 

SPOS 

. 49 

— 

— 

SPOS 

.32 

— 

— 

SPOS 

.31 

— 

— 

ETM 

. 36 

SPOS 

• 

CO 

SPOS 

.46 

— 

— 

SPOS 

.45 

— 

— 

ETM 

.29 

ss 

. 33 

QPOS 

. 22 

— 

— 
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the  best  single  variable  model  uses  ETM,  also  show  a 
significant  effect  of  an  additional  variable.  Except  for 
Subject  13  in  the  second  condition,  the  additional  variable 
is  one  indicating  position.  Since  ETM  is  essentially  a 
positional  scanning  variable  with  marhed  end-terms,  the 
implication  is  that  the  processing  of  such  marked  terms  is 
marginal.  That  is,  subjects  are  not  internally  consistent 
in  their  utilization  of  such  coding.  Two  differences 
between  the  first  and  second  condition  do  indicate  that  an 
index  of  indeterminacy  could  be  usefui.  The  variable  OPOS, 
which  indicates  bi-directional  scanning,  is  slightly  more 
prevalent  in  the  individual  regressions  of  the  first 
condition  than  the  second.  Furthermore,  the  general  shapes 
of  the  data  functions  as  shown  in  Figures  7 and  8 show  that 
the  first  condition  tends  to  be  more  bow-shaped  than  the 
second.  These  differences  are  not  strong  enough  to  show  an 
absolute  effectiveness  of  the  amount  of  indeterminacy,  but 
point  to  a viable  possibility. 


CHAPTER  IV 

SUMMARY  AND  GENERAL  DISCUSSION 
The  results  of  these  two  experiments  provide  strong 
support  for  tv/o  aspects  of  artificial  comparative  order 
processing.  The  viablility  of  positional  scanning  models 
in  both  complete  and  partial  orders  is  strongly  supported 
and  the  presence  of  individual  differences  in  the 
processing  of  both  complete  and  partial  orders  is  strongly 
indicated.  Additionally,  the  importance  of  the  number  of 
structural  end-terras  as  an  indicator  of  processing 
difficulty  for  partial  orders  is  verified. 

The  evidence  supporting  the  scanning  models  centers 
around  the  importance  of  the  number  of  structural  end- 
terms.  Scanning  models  are  able  to  make  relatively  strong 
predictions  concerning  the  effects  of  increasing  the  number 
of  order  end-terms.  These  center  on  the  increased  demands 
for  short-term  memory  capacity  engendered  by  multiple  end- 
terms  and  the  consequent  disruption  of  bi-directional 
scanning  processes.  These  predictions  consider  not  only 
the  SDE  but  also  the  potential  effects  upon  SPEs;  the 
disruption  will  hinder  the  appearance  of  the  SDE  and  alter 
the  form  of  the  SPE  from  bow-shaped  to  one  displaying  a 
linear  increase  with  position. 
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The  data  of  the  first  experiment  clearly  support  both 
of  these  predictions  and  scanning  processes  as  the  primary 
predictor  of  RT  for  determinate  comparisons.  It  should  be 
noted  that  if  the  means  for  the  distance  variable  step 
size  v;ere  examined,  it  would  appear  as  if  the  SDE  v/ere 
present  for  some  of  the  conditions.  That  this  appearance 
is  merely  a by-product  of  the  positional  scanning 
processes  is  clearly  shov/n  by  the  linear  stepwise 
regressions.  At  no  time  did  a distance  variable  prove  to 
be  more  significant  than  a scanning  factor. 

The  exact  nature  of  the  processing  of  indeterminate 
comparisons  cannot  currently  be  provided.  It  is  likely,  as 
explained  in  Chapter  II,  that  RTs  for  these  pairs  are 
largely  a result  of  negative  scanning  results  and  a 
possible  subsequent  recheck.  The  relative  consistency  of 
the  RTs  for  indeterminate  pairs  in  both  experiments,  shown 
by  the  standard  deviations  in  Appendices  E and  F,  supports 
this  explanation.  Further  experimentation  in  this  area  is 
needed  to  provide  a definite  answer  to  this  problem. 

The  final  point  of  discussion  involves  the  strong 
demonst ra t i on  of  individual  subject  differences.  The 
procedure  of  these  experiments  was  designed  to  minimize 
deliberate  subject  strategies  in  the  testing  phase.  A 
major  effort  to  ensure  the  memorization  of  a correct 
representation  was  made,  and  an  unusual  emphasis  on  quick 
and  relatively  consistent  RTs  was  present  in  the  form  of 
the  RT  cut-off.  Nevertheless,  the  presence  of  individual 
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processing  differences  cannot  be  denied.  The  interaction 
of  comparison  and  subjects  was  consistently  significant  and 
accounted  for  a major  share  of  the  total  variance  in  the 
analyses.  The  results  of  the  individual  stepwise 
regressions  serve  to  re-emphasize  this  point.  Given  that 
the  procedure  employed  minimized  deliberate  subject 
strategies,  it  is  clear  that  the  search  for 
representation/process  pairs  that  will  have  universal 
applicability  throughout  comparative  judgment  is  not 
realistic.  Not  only  is  it  sometimes  necessary  to  provide 
locally  specific  models  for  phenomenon,  but  it  is  also 
imperative  to  allov/  for  individual  processing  differences 
within  that  framework. 
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APPENDIX  A 

INSTRUCTIONS  FOR  TRAINING  PHASE 

When  people  are  presented  with  a set  of  statements 
containing  relational  information,  it  is  possible  to  gather 
more  information  tlian  is  actually  presented.  Not  only  are 
explicitly  expressed  relationships  known,  but  the 
relationships  of  other  terms  may  be  deduced.  For  example, 
given  the  following  information: 

Prince  is  bigger  than  Rover. 

Rover  is  bigger  than  Brandy. 

Brandy  is  bigger  than  Spot. 

Spot  is  bigger  than  Fido. 

Fido  is  bigger  than  Lassie. 

Lassie  is  bigger  than  Duke. 

It  is  possible  given  this  information  to  deduce  that  Prince 
is  bigger  than  Fido,  Brandy  is  bigger  than  Duke,  etc.  One 
way  of  illustrating  the  possible  logical  deductions  of  such 
information  is  to  create  a topological  structure  for  the 
information.  Such  a structure  for  the  above  information  is 
given  below. 


Prince 
Rove  r 
Brandy 
S^t 

'I' 

Fido 

1. 

Lassie 

'I' 

Duke 

The  arrows  represent  the  direction  of  the  dimensional 
information  given  in  the  statements.  Notice  that  in  the 
above  example  all  relationships  between  the  terms  can  be 
logically  determined  by  following  the  arrows.  Not  all  sets 
of  information  possess  this  quality.  For  example: 

Mary  is  taller  than  Cindy. 

Cindy  is  taller  than  Linda. 

Linda  is  taller  than  Olive. 

Olive  is  taller  than  Judy. 

Nancy  is  taller  than  Linda. 

Linda  is  taller  than  Donna. 

Betty  is  taller  than  Olive. 
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Mary 

Cindy 

Mary 

Li  nda 

MARY 

Donna 

Mary 

1 

Nancy 

Donna 

V 

01  i ve 

Mary 

CINDY 

Linda 

Cindy 

vL 

01  ive 

Donna 

NANCY  ___ 

Judy 

Mary 

LINDA 

Donna 

Betty 

I 

Nancy 

Mary 

BETTY 

Cindy 

Judy 

OLIVE 

Nancy 

Cindy 

1 

Betty 

Mary 

V 

Judy 

Donna 

JUDY 

Cindy 

Olive 

Donna 

Cindy 

Cindy 

Betty 

Betty 

Nancy 

DONNA 


APPENDIX  B 

TEST  PHASE  INSTRUCTIONS 

You  v/ill  nov/  be  shov;n  a series  of  word  pairs.  Your  task 
is  to  indicate  which  of  the  people  in  the  pair  is  older 
in  the  "order"  implied  by  the  structure.  Indicate  this 
by  pressing  the  labeled  key  that  corresponds  to  the  screen 
position  of  that  person.  For  example,  if  the  left  name 
is  older  than  the  right  name,  then  press  the  "LEFT"  key. 

If  the  right  name  is  older  than  the  left  name,  then  press 
the  "RIGHT"  key.  In  addition,  the  center  key  should  be 
used  to  indicate  if  the  relationship  between  the  tv;o 
terms  is  indeterminate.  That  is,  if  there  is  not  enough 
information  shov/n  in  the  structure  to  deduce  the 
relationship  between  the  terms. 

One  key  is  labeled  "LEFT",  one  key  "RIGHT",  and  one  key 
"INDETERMINATE".  It  is  important  that  you  answer  each 
question  as  rapidly  as  you  can,  but  do  not  respond  so 
fast  that  you  do  not  answer  the  item  correctly. 

Remember,  respond  rapidly  but  correctly.  If  you  have 
any  questions,  ask  the  experimenter  before  you  begin. 

The  progression  from  trial  to  trial  is  automatic  as 
explained  at  the  beginning  of  the  experiment.  Press 
the  space  bar  to  begin  this  phase. 
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APPENDIX  C 

INDIVIDUAL  SUBJECT  REACTION  TIME  MEANS  FOR  THE 
END-TERI'^S  OF  EXPERIMENTAL  CONDITION  3 
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APPENDIX  D 

INDIVIDUAL  SUBJECT  REACTION  TIME  MEANS  FOR  THE 
END-TERf'lS  OF  EXPERIMENTAL  CONDITION  4 
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APPENDIX  E 

INDIVIDUAL  SUBJECT  MEANS  AND  STANDARD  DEVIATIONS  FOR 
DETERMINATES  AND  INDETERM INATES  IN  EXPERIMENT  1 

Condition  Subject  Determinates  Inde te rm  ina tes 
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Condition  Subject  Determinates  Indete  nn  ina tes 
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APPENDIX  F 

INDIVIDUAL  SUBvJECT  MEANS  AND  STANDARD  DEVIATIONS  FOR 
DETERMINATES  AND  INDETERMINATES  IN  EXPERIMENT  2 
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